Aspergillus species are common fungi found throughout the world. Their spores thrive in humid, organic material. In humans, the pathogenicity of Aspergillus species is variable and depends on host characteristics [1] . For instance, invasive aspergillosis is commonly found in immunocompromised patients, whereas chronic necrotizing aspergillosis is often found in patients with chronic obstructive pulmonary disease, prior tuberculosis, or current corticosteroid therapy [1] . Another entity triggered by Aspergillus, allergic bronchopulmonary aspergillosis (ABPA), occurs almost exclusively in patients with asthma or cystic fibrosis; atopy is another risk factor [1] . In ABPA, the presence of Aspergillus fumigatus antigens in the airways leads to a complex allergic response involving both innate and adaptive portions of the immune system [2] .
The impact of human immunodeficiency virus (HIV) on the immune system has been well described [3] . With the initiation of antiretroviral therapy (ART), there is marked improvement in the cellular immunity of patients with HIV infection [4] . However, even with a restored immune system, the discussion of allergies in HIV-infected persons is complex. For example, atopic diatheses have been reported in HIV patients but mainly in children [5] and in patients with acquired immune deficiency syndrome [6] . The spectrum of atopy in HIV patients ranges from dermatitis to asthma [7] . However, ABPA is a rare phenomenon and, to date, it has only been case reported in HIV-infected patients. We present a case of a patient with HIV and a new diagnosis of ABPA, whose only prior pulmonary comorbidity was a severe case of acute respiratory distress syndrome (ARDS). Furthermore, we review prior cases and assess potential risk factors for the development of ABPA in HIV-infected patients.
CASE REPORT
A 37-year-old HIV-infected woman presented to pulmonary clinic in early 2016 for evaluation of years of persistent cough and dyspnea. Her relevant medical history included a prolonged hospitalization in 2010. At that time, she was not on ART and her absolute CD4 lymphocyte count was 6/mm 3 . She was hospitalized for evaluation of dyspnea and chest pain; she was found to have bilateral pneumothoraces. She was intubated for respiratory failure and had chest tubes placed. She was found to have Pneumocystis jirovecii pneumonia. She required mechanical ventilation for a total of 3 months.
During her hospitalization, ART was initiated and an undetectable viral load was achieved. Although she subsequently was found to have viremia owing first to resistance mutations and later to medication nonadherence, she has maintained an undetectable HIV viral load since 2013. Her most recent CD4 lymphocyte count is 588/mm 3 . Her current ART program includes etravirine, dolutegravir, and ritonavir-boosted darunavir. Six months after her prolonged hospitalization in 2010, she had a pulmonary function test that showed no obstruction and significant restriction (total lung capacity was 48.5% of predicted). She was using inhaled beclomethasone twice daily and an albuterol inhaler as needed at the time of testing. Upon her evaluation in the pulmonary clinic in 2016, she complained of a frequent nonproductive cough that had been persistent since her illness in 2010, and although she functionally recovered after her critical illness, she continued to have significant dyspnea on exertion. She described shortness of breath walking 1 city block or climbing 1 flight of stairs. She had occasional wheezing and reported triggers included strong odors, seasonal changes, and her current living space. After her critical illness in 2010, she moved into a rental property, which had to be renovated twice due to mold, and then in 2014 she moved to another property, in which water damage occurred from a leaking air conditioner. The carpet was taken up and dried but ultimately remained in the home. At that time, she began to feel her pulmonary symptoms worsen in regards to coughing frequency and endurance limitations; these symptoms progressed through the time of her initial pulmonary clinic appointment. She denied orthopnea or lower extremity edema. She was a life-long nonsmoker and did not use illicit drugs.
On examination, she was in no acute distress, and she was obese (body mass index of 35.4 kg/m 2 ) with oxygen saturation 100% on pulse oximetry at room air with no desaturation on ambulation. On percussion, she had small lung volumes, inspiratory rhonchi over the left upper lung field, but otherwise was clear to auscultation without wheezing. There was bilateral axillary scarring from prior chest tube insertions, with keloid formation. Her cardiac and abdominal exams were unremarkable. She had no lower extremity edema or clubbing.
Computed tomography of the chest without contrast (Figure 1 
Updated pulmonary function tests obtained in 2016 showed significantly improved restriction (total lung capacity of 64.6% predicted), although concomitant obstruction was now seen (forced expiratory volume at 1 second [FEV 1 ] was 58.5% predicted). Complete blood count revealed mild eosinophilia of 320/mm 3 . We were able to review laboratory testing from 2010, which included an absolute eosinophil count of 640/ mm 3 , before therapy with inhaled corticosteroid. Out of concern for a diagnosis of ABPA, total serum immunoglobulin (Ig)E and Aspergillus-specific IgE were sent. Both were found to be markedly elevated (Table 1) , supporting a diagnosis of ABPA. In addition, given her identifiable triggers that correlated with dyspneic episodes, we ran an allergy (Rast Northeast) panel, which reported elevated IgE levels to allergens that included A fumigatus, cat, dog, and environmental stimuli (eg, birch, oak). Given the patient's clinical history, positive mold exposure, radiographic findings, and laboratory data, a diagnosis of ABPA was suspected. The patient was started on prednisone at 0.2 mg/kg per day, which is lower than recommended for initiation for ABPA, but given the patient's HIV infection and potential drug-drug interactions, this dose was decided on in a multidisciplinary discussion. Itraconazole 200 mg daily was also started and was then adjusted based on levels.
The patient returned after 4 months on the aforementioned regimen with significantly improved pulmonary symptoms: no coughing or wheezing, improvement in her endurance, and less usage of her as-needed inhalers. She had a new set of pulmonary function testing that revealed improvement in her FEV 1 (60.2%), total lung capacity (69.6%), and diffusion capacity (65%; increased from 56%). Furthermore, her IgE levels had decreased from 2020 to 903 kU/L and her A fumigatus-specific IgE levels went from 6.6 to 3.01 kU/L.
DISCUSSION
The pathophysiology behind ABPA is complex, with local inflammation resulting from ineffective spore removal, which in turn leads to increased mucus production, airway hyperreactivity, and bronchiectasis [8] . Aspergillus spores that are allowed to germinate and proliferate in the airways ultimately result in a hypersensitivity response that is thought to be due to a predominance of allergic T-cell lymphocytes (Th2) over nonallergic T-cell lymphocytes (Th1) [9] . There is also thought to be a genetic predisposition to ABPA in atopic patients, whereby patients with ABPA also have higher rates of other atopic conditions, such as allergic rhinitis, atopic dermatitis, and food sensitivities [1] . Therefore, the high prevalence of ABPA in diseases such as asthma and cystic fibrosis is logical given that these 2 conditions are strongly associated with atopy. Other diseases in which ABPA has been reported include hyper-IgE syndrome and chronic granulomatous disease [10] . However, the occurrence of ABPA in HIV-infected persons seems to be rare.
There are 2 prior published case reports of HIV-infected patients with ABPA [11, 12] . Details about these patients are summarized in Table 1 . The common findings among these patients is that they were on ART, had CD4 counts above 200 cells/mm 3 , and had undetectable HIV viral loads. Like our patient, they both had prior atopic disease: asthma, allergies, and rhinitis. However, our patient differs in that her diagnosis of asthma was made after her HIV diagnosis and after an infectious pneumonia that resulted in prolonged mechanical ventilation. Furthermore, our patient was treated with dual antifungal and corticosteroid therapy, whereas the patients from the other 2 case reports were treated with only steroids or only antifungals (Table 1) .
Although ABPA and HIV are rare as comorbidities, atopy and HIV seem to be more common [13, 14] . This is thought to occur due to a Th2 predominant response in HIV patients versus Th1 [15] . Our patient was discovered to have allergies through a detailed self-history report of "triggers" that caused dyspnea and by laboratory testing. She had no family history of atopy, although she did have a mild eosinophilia dating back to 2010 (range, 200-640, with normal 120-300). Finally, it is unclear how her prior infection with P jirovecii resulting in pneumonia and ARDS is related to her current pulmonary manifestations, both radiographically and symptomatically, because there are no reports that specifically highlight these outcomes found in our patient.
CONCLUSIONS
In conclusion, our patient with well controlled HIV infection was diagnosed with ABPA. This highlights that ABPA can develop postlung injury that results in bronchiectasis, and, although rare with concomitant HIV infection, vigilance to diagnose ABPA is necessary in an asthmatic patient with bronchiectasis. This represents the third publication to date of ABPA and HIV occurring in the same patient, and it offers more insight into the development of this disease in a patient without a long-standing history of atopy or pulmonary disease. Furthermore, this is the first case of ABPA in an HIV patient treated with dual therapy: a corticosteroid and an antifungal agent. This case serves as an important reminder to consider diagnoses associated with a hyperactive immune response in patients with well controlled HIV infection.
